Abstract. Thyroid cancer is a common endocrine malignancy. The last decade has seen exciting progress in understanding thyroid cancer molecular pathogenesis. Several major signaling pathways and related molecular derangements have been elucidated, which represent novel diagnostic and prognostic molecular markers for thyroid cancer. Based on the molecular biology of thyroid cancer, a series of therapeutic targets have been developed, which provide unprecedented opportunities. Thus, histological characterization of subgroups of patients and the correct molecular characterization of patients are thought to be key aspects for future clinical management of these patients. In the present study, we identified Slit2 as a prognostic marker for thyroid cancer oncogenesis and recurrence. Mechanistically, Slit2 regulated Warburg effect in thyroid cancer cells through regulation of HIF1α and HIF1α transcriptional activity. Taken together, our present data uncovered Slit2 as a novel predictive marker for thyroid cancer. The mechanism study indicated that Slit2 regulated the Warburg effect. Additional study on the function of Slit2 in thyroid cancer is required to provide new insights into the potential mechanisms of oncogenesis and recurrence potential of thyroid cancer.
Introduction
Thyroid carcinoma is an endocrine-related malignancy. Among thyroid carcinoma, papillary thyroid cancer (PTC) is the most common type and account for 80-90% of total thyroid carcinoma cases (1, 2) . Although the clinical prognosis for the majority of cases is satisfactory, 14% demonstrate early recurrence and some present severe invasion, multiple lymph node metastasis and distant metastasis (3) (4) (5) . Currently the progress in identification of biological markers that are useful for the diagnosis and prognosis analysis of PTC is slow (6) . Thus, the correct molecular characterization and identification of patients with thyroid cancer is thought to be a key aspect for future study.
Slit refers to a family of related genes which encode a corresponding set of secreted proteins, also collectively referred to as Slit (7) . The classical function of Slit in proteins is to act as midline repellents, preventing the crossing of longitudinal axons through the midline of the central nervous system of most bilaterian animal species. It also prevents the recrossing of commissural axons (8) . Its canonical receptor is ROBO, and Slit/ROBO signaling is important in pioneer axon guidance (9) (10) (11) . In recent years, the role of Slit family proteins in cancer has received much attention due to their role in controlling cell migration, abnormalities or absence in the expression in Slit proteins are associated with a variety of cancers (12) (13) (14) . Our previous study identified Slit2 as a diagnosis and prognosis marker in gastric cancer. Mechanistically, it participates in gastric cancer oncogenesis and metastasis through regulating the AKT/β-catenin pathway (15, 16) .
To the best of our knowledge, the expression pattern of Slit2 and its correlation with clinicpathological parameters of PTC has not been previously reported. In the present study, we examined Slit2 expression in transcriptional and protein level, and then analyzed the correlation between Slit2 expression and the clinicopatholocical characteristics of PTC. Moreover, we sought to elucidate the role of Slit2 in PTC through its association with glucose metabolism, which is considered to influence life and death decisions, because it provides cancer cells with building blocks for macromolecule synthesis and energy supply. HRE luciferase assay. hIF1α transcriptional activity was evaluated by using by using the Promega Dual-Luciferase ® reporter (DLR™) assay system. pRL-TK plasmid was used as control vector for expression of Renilla luciferase.
Materials and methods

Immunohistochemistry (IHC
Cell proliferation analysis. Cell proliferation was examined by using Cell Counting kit-8 (CCK-8; Dojindo Molecular Technologies). In brief, cells were seeded in 96-well plates (3x10 3 cells/well), 10 µl CCK-8 solution were added to each well at 0, 24, 48 and 72 h, and the plates were incubated at 37˚C in 5% CO 2 for 1 h. The absorbance of each sample was measured at a wavelength of 450 nm using a microplate reader.
Colony formation assay. K1 cells were digested and 200 cells were seeded and incubated in a fresh 6-well plate for 14 days to allow colonies to form. Colonies were fixed in methanol, stained with 0.1% crystal violet solution and counted.
Glycolysis analysis. Glucose uptake colorimetric assay kit (BioVision Inc., Milpitas, CA, USA) and Lactate colorimetric assay kit (BioVision) were purchased to examine the glycolysis process in K1 cells according to the manufacturer's protocol. To test expression of glycolytic enzymes and hIF1α transcriptional activity, real-time PCR was performed. In brief, total RNA was prepared using TRIzol reagent (Invitrogen, Carlsbad, CA, USA), followed by reverse transcription using Takara PrimeScript RT reagent to obtain cDNA. The expression status was assessed by quantitative real-time PCR (qRT-PCR) using ABI 7900hT Real-Time PCR system (Applied Biosystems, Foster City, CA, USA). All reactions were run in triplicate. Primer sets Glut1 F, 5'-CAGTTTGGCTACAACACTGG AG-3' and R, 5'-GCCCCCAACAGAAAAGATGG-3'; hK2: F, 5'-CAAAGTGACAGTGGGTGTGG-3' and R, 5'-GCCAG GTCCTTCACTGTCTC-3'; LDhA F, 5'-CCCAGTTTCCAC CATGATTAAGG-3' and R, 5'-TTCTGTCCCAAAATGCAA GGAA-3'; PKM2 F, 5'-CAAAGGACCTCAGCAGCCATG TC-3' and R, 5'-GGGAAGCTGGGCCAATGGTACAGA-3'; β-actin F, 5'-AGAGCTACGAGCTGCCTGAC-3' and R, 5'-AGCACTGTGTTGGCGTACAG-3'.
Western blot analysis and antibodies. Protein extracts were prepared and resolved on 10% SDS-PAGE gels, transferred to nitrocellulose membranes (0.45 mm) and immunoblotted with primary antibodies. Slit2, c-myc and hIF1α antibodies were purchased from Abcam. β-actin antibody was used as loading control antibody. Images were developed with ECL (GE healthcare, Pittsburgh, PA, USA).
Statistical analysis. All statistical analyses were performed using SPSS 16.0 software. Results were expressed as means ± standard deviation. Two-tailed unpaired Student's t-tests and one-way analysis of variance were used to evaluate the data. P-values <0.05 were considered as statistically significant.
Results
Slit2 mRNA expression in PTC.
One hundred pairs of specimens were investigated by qPCR to investigate the expression of Slit2. The average mRNA expression levels of Slit2 were significantly lower in PTC tissues compared with adjacent non-tumor thyroid tissues (Fig. 1A) . Next, we examined Slit2 mRNA expression in PTC samples with lymph node metastasis (LNM). The results demonstrated that the lower Slit2 mRNA levels were associated with lymph node metastasis at diagnosis (Fig. 1B) .
Slit2 protein staining indices by IHC.
The protein levels of Slit2 in PTC samples were analyzed by IhC staining. Slit2 level was lower in PTC samples than that in non-tumorous samples (Fig. 2) . Furthermore, to test the role of Slit2 in LNM of PTC, we examined the level of Slit2 in PTC tissue microarray containing 196 patients samples. The clinicopathological features of the patients are listed (Table I ). In addition, further analysis demonstrated that Slit2 is a negative indicator for LNM at diagnosis (Table II) . Silencing Slit2 enhances cell viability of K1 cells. In order to examine the role of Slit2 in thyroid cancer proliferation in vitro, we used shRNA mediated silencing of Slit2 in K1 cells. Two shRNAs against Slit2 effectively decreased Slit2 expression (Fig. 3A) . Then we examined the effect of silencing Slit2 on cell viability by CCK-8 assay. A significant increase in cell viability was observed upon Slit2 silencing (Fig. 3B) . Moreover, clone formation assay also suggested that silencing Slit2 increased cloning capacity of K1 cells, indicating that Slit2 is a negative regulator of cell proliferation (Fig. 3C  and D) .
Slit2 is associated with Warburg effect in K1 cells.
It is well accepted that many cancer cells exhibit elevated glucose uptake and lactate production, regardless of oxygen availability, known as aerobic glycolysis or Warburg effect. Enhanced glycolysis facilitates uncontrolled proliferation of cancer cells by providing building blocks for macromolecule synthesis and energy source. We next asked whether the effect of Slit2 on cell proliferation was associated with glycolysis. In K1 cells, decreased Slit2 expression enhanced glucose uptake, which is the first step for glucose metabolism (Fig. 4A) . Lactate, the key product of the Warburg effect, was not only used as a source for metabolism, but also created an acidic environment that leads to destabilization of extracellular matrix that facilitates metastasis of cancer cells. Our results also demonstrated that decreased Slit2 expression enhanced lactate production of K1 cells (Fig. 4B ).
Tumor -------------------------------------------------------------------------------------
Slit2 regulates HIF1α and HIF1α transcriptional activity.
hIF1α is a transcription factor that mediated the primary transcriptional response to hypoxic stress of transformed cancer cells. In conjugation with c-myc, they are considered to be key regulators of the Warburg effect. We speculated that Slit2 might regulate glycolysis in part through hIF1α and c-myc. Consistent with this assumption, we observed an increase in hIF1α and c-myc protein levels in Slit2 knock-down cells (Fig. 5A) . In order to assess the role of Slit2 on hIF1α transcriptional activity, we performed hRE luciferase reporter assay. Silencing Slit2 increased hRE-luciferase activity, supporting the result that Slit2 regulated hIF1α protein level (Fig. 5B) . As a transcription factor, hIF1α regulates series of genes in glycolysis process. GLUT1 (glucose transporter 1) is a membrane protein that facilitates glucose transport across the cell membrane, which is subsequently catalyzed to glucose 6-phosphate by hK2 (hexokinase 2). In the last step of glycolysis, L-lactate and NAD are converted to pyruvate and NAhD by LDhA (lactate dehydrogenase A). PKM2 (pyruvate kinase isozyme M2) catalyzes the dephosphorylation of phosphoenolpyruvate to pyruvate, and is responsible for net ATP production. PKM2 is also a hIF1α target gene.
To further confirm the function of Slit2 on HIF1α transcriptional activity control, we examined the expression of hIF1α targeted glycolysis genes upon Slit2 downregulation, and observed that GLUT1, HK2 and LDHA were significantly upregulated. however, the expression of PKM2 was changed slightly, indicating that there may be other mechanisms for PKM2 regulation in thyroid cancer (Fig. 5C ).
Slit2 negatively correlates with HIF1α expression in PTC samples.
Correlation between Slit2 and hIF1α was analyzed by IhC staining. hIF1α level was low in Slit2 positive PTC samples (Fig. 6 ). Statistical analysis demonstrated that there is a negative association between Slit2 and hIF1α in PTC tissue microarray (Table III) .
Schematic representation of the working model. In conclusion, we found that decreased Slit2 expression in PTC sample renders a proliferation advantage to PTC cells, the potential mechanism may involve the participation of Slit2 in hIFα control (Fig. 7) .
Discussion
Slit2 plays an important role in the regulation of many signaling pathways such as cell cycle, apoptosis, migration and invasion. In recent years, the role of Slit2 in cancer has received much attention, though its role in cancer is controversial. Slit2 inactivation by promoter hypermethylation of allele loss in lung, breast, liver, and malignant glioma supported the notion that Slit2 has antitumor function (17, 18) . Slit2 can also inhibit metastasis of tumor cells through targeting the AKT-GSK3β signaling pathway (19) . On the contrary, exogeneous expression of Slit2 induced epithelial-mesenchymal transition (EMT) in colorectal cancer through E-cadherin degradation (20) . Moreover, Slit2 could also activate Rho GTPase family proteins such as Rac1 and Cdc42, which promotes tumor cell migration, thus, making it a positive regulator of metastasis (10) . Thus, the role of Slit2 in cancer is distinct depending on the cancer type. Our previous studies (15, 16) in gastric cancer indicated that Slit2 is a tumor suppressor. The expression of Slit2 was higher in gastric patients with less advanced clinicopathological features. Mechanistically it regulates cell malignancy through the Akt/β-catenin signaling pathway. however, its role in PTC has not been reported.
In the present study, we examined the expression and function of Slit2 in PTC. The mRNA and protein levels of Slit2 in PTC patient samples were examined by qPCR and IhC. Out of 130 paired specimens investigated by qPCR, the expression levels of Slit2 were significant higher in adjacent non-tumor thyroid tissues compared with PTC tissues. Moreover, the expression level of Slit2 was decreased in tumors without LNM. Similarly, IhC analysis data were consistent with mRNA expression results. Using tissue microarray containing samples from 196 patients, we observed that Slit2 protein level decreased in PTC samples and in LNM samples. Taken together, these results indicated that Slit2 may be a tumor suppressor in PTC. To further validate the role of Slit2 in PTC, we silenced Slit2 expression in the PTC cell line K1. Results indicated that silencing Slit2 expression promoted cell proliferation. The above results supported the notion that Slit2 is a tumor suppressor in PTC.
To explore the mechanism, we examine the role of Slit2 on PTC cell glucose metabolism transformation. It is well accepted that cellular metabolism influence life and death decisions (21) . An emerging theme in cancer biology is that metabolic regulation is tightly and intricately linked to cancer progression, which is due to the basic fact that cell proliferation is tightly regulated by availability of nutrients that provide cells with building blocks for macromolecule synthesis and energy production (22, 23) . The most characterized is the glucose metabolism transformation (24) . PTC is one kind of solid tumors, and sites of the tumor are at a great distance from the supporting blood vessels, thus suffering from hypoxia, acidosis and increased interstitial fluid pressure. To survive under such hypoxic hazardous conditions, cancer cells shift their metabolism pattern, known as hypoxic adaptation to meet demands of sustainable growth and metastasis (25) . One such adaptation is glycolysis, also known as Warburg effect, which provides a benefit to the tumors (26, 27) . Our results demonstrated that silencing Slit2 expression promoted glucose uptake and lactate production in K1 cells. Increased glucose uptake ensures increased demands for biomass accumulation and ATP requirement (28) . Lactate produced by glycolysis is not only used by mitochondrion for further metabolism but also created an acidic microenvironment, which leads to extracellular matrix destabilization that facilitates metastasis (29, 30) .
The transcription factor hIF1α is a master regulator of glycolysis and has been implicated in regulating many of the genes that are responsible for the metabolic difference (31, 32) . Our results have shown that silencing Slit2 increased hIF1α protein level and transcriptional activity. The transcription of a series of glycolytic rate-limiting enzymes, such as Glut1, hK2 and LDHA, was significantly upregulated. All these results supported the assumption that Slit2 is a negative regulator of glycolysis and hIF1α is an effector protein.
In conclusion, the present study shows that Slit2 mRNA and protein levels were significantly reduced in thyroid cancer specimens and were associated with prognosis and disease progression. Moreover, our results provide clinical and in vitro evidence implicating Slit2 functions as a negative regulator in the development and progression of PTC. Further mechanism analysis indicated that Slit2 regulated PTC glycolysis via hIF1α.Thus Slit2 could be used as a prognostic factor and treatment target for PTC.
